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ABSTRACT 

Cosnic radio noise intensities a t  four l requenc ies  below 
5 Kc/s were measured with a rocket probe launched from Wallops 
LcX?.nd, V a . ,  on 23 Gctobcr 1964. 
-~5sich cons i s t ed  of a short dipole antenna, four TIhF r e c e i v e r s ,  
a rctference n o i s e  source and an nntenn2 impedance probe reached 
ztx; :tTbp?e altitude of 1070 k~ during the 20-minute f l i g h t .  
,iie inuasured cosmic background noise i n t e n s i t i o s  were 

The experimental payload 

r',. 

(1.7 + 

x 10'2*w/m2/cps/sr. at 3.60 Nc/s, - 0 . 7  

(2.2 + 1'4) x 10'20w/m2/cps/sr. a t  4 . 7 0  W/s. - 0.9 
71.- - L L ~ -  -. PO results, which are for a hemisphere centered near the 

. 

Zortfi Galactic Pole, are not incons is tent  with an in terpre ta t ion  
of the turn-over i n  the  noise spectrum below 5 E c / s  as be ing  
dne to absorption by nearby galactic El11 regions having an 
e n i s s i o n  measure t h e  order of 5 crn pc. 
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v-** I-./-?5. i Ai->*, &TION 

Since radio aEtronomica1 rneasureaents are a w e r e l y  
k:::L5:-ed by t h e  ionosphere a t  fseqnencics below about 10 Mc/s, 

k5y:i a l t i t u d e  rocket  probes or s a t e l l i t e s .  

<Ll- l is ,  1%4), but t h i s  appronch is quite d i f f i c u l t  a t  best. 
T3;ir concern is born out by the r e s u l t s  of recent space-borne 
c x ~ ~ r l n e n t s  vihich are not e n t i r e l y  consistent with the masure- 
I”.ZCLJ sf cosxlc no i se  i n t e c s i t i e s  bcloa 5 Kc/s obtained from 
b-e y r o u i ~ d .  Rocket probe meacure~?nls of tho avorage cosmic 
imi::d i n t e n s i t i e s  at 1.225 end 2.0 EIc/s by Malsh e t  a1 (1963) 

rva l t ions  in t h i s  f requency rango nust be performed with 
There havo Been 

- -. - 9  cround-bascd observations undor very s p e c i a l  condi t ions  

i- 

% - 2 J i t h  the suggestion by Z l l i s  ar,d co-v;cr!;ers t h a t  t h e  radio  
- - 5 ,k I’. LLm falls off sharply ir, t h i s  r a g e ,  nltheugh the rocket 

,; : -xi t ies  are m a r l y  tTJJice the  I n t . z n ? i t i c s  derived Prom tho 
obs2rvat i sns .  .2 high a l t i t u r i z  rocket arzsurement by 

’1: -:in et al (1583) at 2.2 ;Z/s ~2rce .s  more c l o s c l y  w i t h  the 
-SEZE~ rcsnlts, but the c:ry;cia:‘.r:sn-tnl uncertainty in 

a.  - .  
ti: 3 ~oud~,;-~ - c - 2 ~  A 4  &e- I - ‘S 1 - V r - e  2-c. ,- .2 - ?Q ? r > 7 : 1  resalve z f ; ~  ~ ~ 2 . z  

;-c >-,, xcn tho other rocket and pxxu:d obse rva t ions .  Alouette  
lite f”.6BSUT C C ~ S  rcpsr tcd  by I:r=rtz (19S4), on t h e  other 

I C  -. -- 
A t  

;; ;C/S is € l a t t e r  t h m  skservcd by e i ther  E l l f s  or TBalsh et  a l .  

a :,:.>TR c o n s i s t c n t  picture of t h e  COZZIC noise spectrum, a 
r : . d ? - ~  astronony rocket probe was laui?^ched to an a l t i t u d e  of 
n‘,.::‘iy 1189 t;r, above Yallops Is land,  Virg in ia ,  on October 23, 
.l . ~ h c  paylond vms i n s t r a q c n t z d  to ceasure average n o i s e  
i;i’f:::izit!-es s r t  1 .91 ,  2.85, 3.60 and 4.70 Kc/s. A report  of 
,,’1; zxperiP;?ent and a discussion of the inq3lications of its 
:-c.~-.lfts f o l l o s .  

a & . ,  s r ! g p s t  t h a t  t T i O  coeeie noise spzctruza between 1 . 5  and 

In order “ c h a t  t h i s  situation nl3sht be reso lved to provide 
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. The radio astronoey instrvaentat ion was comprised of a 
Ekort (9.7Gm) di l ; s lc  armtcnna vdiich was connected through 
appropriate mntchiag nctr;ork;rs to four TEF receivers p l u s  a 
coxparison noise source and a probe to masure both r e s i s t i v e  
a:zd reactive conpononts of antema impedance. A pair of 
ortl iogmal nagnetornetem and 8 s o l a r  aspoct sensor provided 
s c p p o r t i n g  f n f o m s t i o n  r ega rd ing  v e h i c l e  s p i n  and aspect. 
I! block dingran of t h e  experiment is given i n  Figure 1.  

Tho t c l e c c c p i n g  dipole w s  i n i t i a l l y  folded tinder the  
,".o +yload - nose cone and was then erected to its full leatgth 

r f t c r  130 seconds of flight a t  2-n al t i turfe  of about 225 Ian. 
-QAn i n t e r n a l  pxqrarr.r;.,er a l t e r n z t e f y  coznectcd the antenna to 

GI t h e  impedance probe. As ~ ! ~ o - r n  in Figure  1 ,  the receivers 
c O r e  operated In pkirs  so that  when one p a i r  of receivers 

3 s a p l i n g  t h e  antenoa ( @ . g , ,  a t  1 . 9 1  and 3 .60  k/s)  the 

.) c1-- :-2 input of the r ece iv ing  systen and to  the input terminals  

o-;>c?X- p a i r  (2.95 snd  4.70 rnc,/S) y:zs concocted eo t h e  conylrisnrr 
.- - - ~ ,C" r? Z ~ C I C ~ .  ,"or* c ; - i i j i *a t inn .  i ' e i ~  ccmp=triE;on noise source ,  

!.TI turn, ~ ~ 8 3  programed to provide three l e v e l s  of calibration - 
L' zero l e v e l ,  t: level. r ,ew t k z  z:F::dle cf the i-sci-3ivar dyaamic 
r23~~3, and a h i g h  level signal. The f u l l  program sequence is 

-,ivcn i n  F igurc  2. For the f irs t  15 seconds of t h e  duty c y c l e  
+,:e r e c e i v e r s  alternately sample the antema and t h e  noise 
:,o'-xrce in 2.5-~econd i n t e r v a l s .  For the final 5 seconds of 
t:x program c y c l e  thc an tema  fnpcdance probe is  on, and t h e  
j',ceiveIvs are inoperative. 

Ti12 experitilent vas lnrtnched on a €our-stage Javelin 
rocke t  at 14jh00.GX U.T. on October 23, 1964, and reached 
E:? apogee altitude of 1070 Em a.Tter about 10.5 nfnutcs  of 
Plight. 
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Good d a t a  were obtained from s-ntenna deploynent at about 
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n7r;s observed to  begin ismediately af te r  antenna deployment 
bsforc t h e  corresponding even t s  at 2.85 and 1.91 Mc/s and 
2,fter t h e  lower frequency e v e n t s  a t  the snd of t h e  f l i g h t .  
A t  4 .7  b:c/s, only the  end of tR0 enhancement- event appears  
t o  havo been observed during ascent, and there is no i n d i c a t i o n  
of a n  enhaaconent on the descending leg of t h e  f l i g h t .  
6xzminatfon of t h e  impedance probe data showed the  noise 
enhncc@ments t o  be a s s o c i a t e d  w i t h  resonance effects i n  t h e  
api;cri;la impedance when l - Y < X < l ,  Y < 1 .  Notice t h a t  the  observed 
s igxa l  level WS extremely steady at 3.6 and 4.7 Ec/s  through- 
out "e3 eleven-minute psriod when t h e  v e h i c l e  was above 700 km. 

Using t h e  antenna icrpedance values measured at apogee, 
t h c  receiver data obta ined  a t  altitudes above 1005 lun have 
eccn converted into cosmic noise i n t e n s i t i e s  a t  each frequency, 
1L:by are -4- CI.-r 

2 (2.2 f O*') 0.6 x w/m /cps/sr. at 1.91 ~ c / s ,  

2 C2.7 rt 0,s) x IOm2* w/m /cps/sr. a t  2 . 8 5  Mc/s, 

2 (1.7 f t:;) x w/m /cps/sr. a t  3.60 Rlc/s, 

2 (2.2 5 0.9 I") x w/m /cps/sr. at  4.70 Erlc/s. 

Ths uncertainty estinates incPude the possible errors in 
the radiometer system c a l i b r a t i o n ,  te lemet ry  system and data 
rcxdiny ,  and ins t rumenta t ion  performance in f l i g h t .  The 
i n t e n s i t y  measurarnents at 1.91 and 2.85 Mc/s are t h e  most 
reliable and have an uncertainty of k1.5 db and - k o o 8  -o.9 db, 

reT?ec%ively.  

curves a t  3.60 and 4.70 Ec/s, hovcver, these measurements must 
ctlrry an u n c e r t a i n t y  greater  than &t2 db. 

The observed cosmic noise i n t e n s i t i e s  a r e  p l o t t e d  i n  
T 7 . j P . T l r e  4 along: w i t h  other measurements of the noise Spectrum 

Cue t o  a non l inea r i ty  in the receiver response 
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in this frequency range. 
thz h m i s p h e r e  centered a t  about 1 I1 ==lOOo, bIT=800, 918 have 
gIrst--i;ctd the curve from the Alouette s a t e l l i t e  measurements by 
Iiar-tz (1964) f o r  t h e  Zorth Galactic halo region. Since 
iilcxottc is at an altitude of about 1090 km these measurements 
a!~c,uld be comparable, and there is agreement within the un- 
csrtzninties of tho two sets of measuremmts. 
::137':1 the ground by E l l i s  (1964) are f o r  the  region of the  
SwLh Galactic polo, but were obtained w i t h  a more d i r e c t i v e  
an-bes;.i:ia than the space-borne experinonts. 

Since o u r  measurements refer t o  

The data obtained 

The measurenents 
1s:i et a1 (1963) are for a henisphere centered OR 

0 , bI1= -19 , whereas the observat ions  by Wuguenin 
e t  al (1963) represent  an average o v e r  cearly t h e  whole 
c::!-os.",ia'l sphere. 
frm tho h!ichi.g=an rocket ~ u g g e s t  thn% the cosnic noise spectrum 

c::ld -i;hbs fins been .t;lidely interpreted to be due t o  free-free 
i n  : : ~ ~ l . z . r t c ~  gal.a.c.&ic hydrzi;en having an emiss ion 

m r ~ ~ ~ r e  . c N e z Y ,  of' about 4 t o  6 pc C T ; ~  

a t  l.91, 2.85, 3.60 and 4.70 Mc/s are cons is tent  with that 
intcrpretatfon. 

The rocket and satellite measurements have been re- 
plo t ted  in Figure 5 for comparison with a s t r a i g h t  l i n e  sxtra- 
po la t ion  of the spectrum observed a t  high frequencies as shown 
by Lkc *lashed line. 
20 vary as f 
t h n t  there is uniform absorption by 1111, then t h e  observed 
i a t c n s i t y  w i l l  be 

Both the measurements from the ground and 

--...- 1 i e. c1 b:.zun to fall off sharply in t he  neighborhood of 2 Nic / s ,  

-6 . Thc! IEW measurements 

Tho background intensity has been taken 
i n  this extrapo la t ion .  If one then a s s u e s  -0.6 
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ror a temperature T = 10' OK and an emission measure 
CY L > = 5 cm p c ,  one would ox7ect t o  observe the  spectrum 
skwm by t h e  solid curve, and i n d c c d  it is a good fi t  to the 
o:Jczrved p o i n t s .  Cetai led in terpre ta t ions  of the  gpectrum 
en tho b a s i s  of tho  observations ~xc io  to date should be 
co:isldered w i t h  caut ion,  hovever, s i n c e  the l arge  u n c e r t a i n t i e s  
c : ~  m e t  masuremsnts einbracs a rather wide range 09 s p e c t r a l  
323733s. 

2 -6 
e 

Zeasurements of integrated comic noise i n t e n s i t  iss 
I'cr a henbcpherc centered near the Xorth Galac t i c  Pole have 
E L G - ~ ~  the spectrum to have 8 broad peak near 3 Xc/s at an 

2 intensity of about 2.7~10-~' w/m /cps/sr, These r e s u l t s  are 
r,dt i n c o n s i s t e n t  with tho concept of absorptloa by a uniform 
I .  11 reg ion  i n  the w l a r  neighborhood having an emission 
~ ~ c n s i i r e  of 5 pc cn 

..- 
-6 

, The shape or" the ~pectmm below 5 hic/a 
g i v e  an fnd ica t fon  of tho  d z p e a  of u n i f o m k t y  or t h e  

t::~ presen t  neasurezcnts do sot nake t h i s  possible. Observa- 

i i n e s s  of ionized i i j ~ > - c , ~ z ,  '---A- - - - - - -A -  2 .-+; -- L U L  L E I L  U2AlyG. i  G L % . i L Z I r i b U  fn 

c: v--.,-.a m o y r  with  a directive antonna below 10 r,rc/s will clariPy 
-.-1 ,,Ji-a 4 -  ektuation In considerable d e t a i l ,  and experinents  of 
2- L A L Z  I nature are being glnnr,ed (Alexznder and Stone, 1964). 

271 the mcantiae,  there are a t  l eaa t  three  experinentnl  areas 
~ v l ? f . ~ . 1  can contr ibute  to solution of t h e  problem. They ape: 

(1) 

(2) 

one or t w o  ltntensity neasurenonts below 1 Ec/a, 

measurements with improved accuracy be t iwm X and 
3.0 xc/a,  

(3) nicssurenents with S O ~ Q  d i r e c t i v i t y  between 10 and 
20 B;e/s to facilitnte extrapo la t ion  of the spectrum 
from high to l o w  frequencics.  

1 
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L. c~:G:J:d3mEl~ams 

T:-.e authors g r a t e f u l l y  acknotvledW the contr ibut ions  of 
rT3zc Chomet and his associates of Airborne Instruments Laboratory 
y/iiO bevcloped and ca l ibrated  the  f l i g h t  radfonletric systen?s 
zad A .  D. parsons, T. Tepper , and their a s s o c i a t e s  of 
Cloctronagnet ic  Research Corporation v:bo dcvslopod the antenna 
5:pr C'mce probe. Data f ron bottomsidc ionospboric soundings 
a@ T;nl.lops island and tops ide  iocospheric soundings by 
iL:;-?lrCt~l- a gcre I;indly provided by tbe 1CBS Central  Radio - 
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